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Acknowledgements 4 , Abstract Introduction

Much of the extremes data for the first section came from This project attempts to establish the present The nature of man's offshore activities depends to
files at the Arctic Environmental Information and Data Center knowledge of climatological conditions in three Alaskan a large extent on weather conditions. Knowledge of
(AEIOC). University of Alaska. Many of these are handwritten, marine and near coastal areas that are important to these conditions can help insure efficient and safe
individual station records, maintained by the National Weather
Service's state climatologist for many years and, more recently, resource development of the outer continental operations. Extreme weather conditions that may be
by AEIDC. Surface weather data. summarized by the U.S. shelf-The Gulf of Alaska (Vol. I), The Bering Sea encountered in a given location largely determine the
Air Force Air Weather Service's Environmental Technical Ao- (Vol. If), and The Chukchi and Beaufort Seas (Vol. Il) design, construction, and operation of permanent
Plications Center, were used for the detailed weather statistics on as shown on the map below, platforms and structures in the ocean as well as on-
precipitation, obstructions to vision, snowfall, snow depth, and The maps, graphs, and tables in the atlas present a shore support activities. Weather information also aids in
aviation weather. The National Weather Service, Alaska Regional detailed climatic profile of the marine and coastal assessing the onshore impact of offshore activities.
Forecast Center supplied most of the data on storm surges
along the Bering, Chukchi, and Beaufort Seacoasts. regions of Alaska. Statistics detail means, extremes, and This atlas is the result of a joint effort by Arctic
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The maps. graphs. and tables in the second section are the such supplemental information as storm surges, tides, INCC/NOAA) to present descriptive climatology and
result of efforts by many people iaided by modern data process-
ing equipment) at NOAA's National Climatic Center (NCC) in sea ice, surface currents, barhymetry, detailed weather, data analyses of surface marine and atmospheric para-
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data processing, to Joe E. Elms and Albert W.Y. Chen of the coastal land stations and provide the best possible development. It is designed to serve as a climatological
Appled Climatology Branch for their editorial evaluation of climatological picture of the outer continental shelf reference in the assessment of potential impact by oilthe analyses. and to Dr. Harold L. Crutcher and M. Lawrence
Nicodemus of the Science Advisory Staff for the statistical waters and coastal regions of Alaska. . and gas exploration and development and of leasing and
oiesenation of return periods for maximum sustained winos or operating regulations and monitoring programs that
selected coastal stations 0 will permit resource development and insure environ-

Observations processed for the coastal stations were mental protection.
collected by the National Weather Service (NOAA). the Federal e evalation i

Aviation Administration, and the U.S. Navy and Air Force The evaluation is in the form of a climatic atlas
weather services and routinely sent to NCC for archiving. Data for each of three marine and coastal areas: The Gulf
summaries were made possible through programs designed at of Alaska (Vol. I), The Bering Sea (Vol. I1, and The
NCC and funded primarily by the Director. Naval Oceanography Chukchi and Beaufort Seas (Vol. III).
and Meteorology (formerly Commander. Naval Weather Service- The first section in each volume contains in-
Commandl in support of the Marine Atm Revision program. formation on tuch hazards as storm surges, super-
The Naval Weather Service also provided maior support for
acnuistion of basic marine data.

This was supported (under AEIDC contract no. 03°5- data on winds, temperature, and precipitation; and
022-56 with NOAAI by the Bureau of Land Management planning information on surface currents, bathymetry,
through interagency agreement with the National Oceanic sea ice, and aviation weather. The second section pre-
and Atmospheric Administration, under which a multiyear sents a detailed climatic profile in the form of isopleth
program responding to needs of petroleum development of
the Alaskan outer continental shelf is managed by the Outer
Continental Shelf Environmental Assessment Program0
IOCSEAPI office
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Sele Topics i comes from a wind-generated current which is parallel 2. The steep bathymetry of the immediate shoreected in arine to the shore and has a higher level to the right of the areas does not favor the development of high
flow. breaking waves. (Figure 1)

Atmospheric Pressure Effect-The rise of the 3. Most of the large harbors are sheltered from
surface of the ocean in an area of low atmospheric areas where the largest storm waves are gener-
pressure has been called the inverted barometer effect. ated. The harbors at Anchorage, Seward,

This amounts to a rise in sea level of about 13.16 inches Kodiak, Whittier, Valdez, Juneau, and Ket-James L. Wise for an atmospheric pressure fall of 1 inch of mercury, chikan are all located in coves, inlets, or bays

Harold W. Searby or 30 millibar pressure change for each 0.305 meters with some protection from the open seas.
(1 foot) in sea level. 4. Normal tide ranges are large, more than 8.5

Transport of Water by Waves and Swell-The meters (29 feet) at Anchorage for instance, so
maximum contribution of waves and swell to the storm unless a storm surge occurs along with low or

surge may occur at times other than the peak intensity high tide it would go unnoticed.

of the storm. Swell generated over open water some However, there are severe storms in the Gulf of
distance from shore may arrive at the shoreline at a Alaska-some with winds of 100 knots or more. On
different time than the storm itself. A long fetch allows December 1, 1966, the town of Valdez experienced
more time for waves to form and move as swell along winds estimated at 100 knots causing severe damage to
with the winds of the storm, thus producing a higher residences, mobile homes, the hospital, city hall, and

storm surge overall, several buildings under construction. On June 1, 1971
Effects of the Earth's Rotation-The earth's a storm sank three fishing vessels and ran another four

rotation accelerates any current in the northern hemi- aground in the Copper River delta fishing grounds

sphere to the right. This deflection force, called the near Cordova. On January 14-15, 1971 and October
Coriolis effect, depends on the speed of the current 1, 1974 winds of 90 and 100 knots occurred at the port
and the latitude. Winds parallel to a coast will generate of Anchorage. Portage Pass at the west end of the
a current in the same direction. The resulting acceler- Turnagain Arm of the Cook Inlet is notorious for its
ation to the right creates water motion that can in- strong winds.
crease water level. Strong winds channeled through mountain passes,

Rainfall Effect-Hurricanes and extratropical river valleys, and canyons will often extend offshore
storms usually bring heavy precipitation to large geo- 30 n. miles or more; satellite photos indicate up to 50 n.
graphic areas. The resulting runoff can increase sea miles. One such occurrence was at Akutan Harbor in the
level near the mouths of tidal estuaries. Aleutians on September 3, 1970. Winds of 60 knots with

Effect of Coastline Configuration and Bathy- gusts to 110 were reported in the harbor by a ship

metric Conditions-Bottom topography near shore is which was damaged by winds. These winds were

Storm Surges an important determinant of the amplitude of a storm probably a local effect of a storm and the configuration
surge. Gently sloping offshore bottom topography on of the Akutan Harbor, which is about two n. miles wide

Whenever an intense storm crosses or approaches the continental shelf promotes higher storm surges than and four n. miles long with steep mountains on three
a coastline, some portion of the shore will experience

a steep continental shelf, sides and elevations of up to 1300 meters (4,275 feet)
an increase in sea level and another will experience a The configuration of the coast also affects the to the west.

neaivebetweeosrgesre se leeaneaosve tht resulting storm surge. Wave energy will diverge at coastal Tidal waves generated by earthquakes are a signifi-
indentations such as coves and converge at coastal cant hazard in the Gulf of Alaska. Figure 2 shows the

would have occurred without a storm. Storm surges headlands or points, so stronger surges occur where location of the major faults in the Alaskan area and the
are usually estimated by subtracting normal astronom- land juts out into the sea. location of earthquakes of magnitude 7.0 or greater in
ical tide from the observed tide. Negative surges can
iaetsing fromthobyrond sip. tin e a rs chaw Tidal gauges probably do not record the highest the area for a 65-year period. One of the strongest
affect shipping by grounding ships in harbors or 'hallow water levels of major storms because tide gauges are earthquakes recorded in North America occurred onshipping lanes during low tide. However, she comtbin- usually spaced so far apart that the highest levels most March 27, 1964 in the Prince William Sound area.
ation of a positive storm surge with high tide often dam- likely occur between the gauges. Tsunamis caused most of the damage at the coastal
ages beaches and man-made installations far beyond The graph and map in Set No. 18, low pressure locations of Kodiak, Cordova, and Seward. Valdez
the normal tidelands level. center movement roses and storm track maps, show at was destroyed by a wave and was subsequently re-

Several processes may combine to cause storm least one primary storm track moving into the Gulf of built at its new location a few miles away. Other
surges (Pore and Barrieness 1975). These include the Alaska each month. August has the greatest number of smaller villages were destroyed and relocated as well.
direct wind effect, the atmospheric pressure effect, shetrnsprt oindffect, w heatero sves c d sw e effectf the storms west of 160 degrees west longitude and October Another large earthquake on April 1, 1946 generated a

east of there. There is a secondary maximum from tidal wave estimated at about 30 meters (100 feet)
earth's rotation, the rainfall effect, and the effects of March to May. Minimum storm frequency is in January that destroyed the lighthouse at Dutch Harbor. Thecoastline configuration and bathymetric conditions. west of 150 degrees west longitude and July to the gulf area is also subject to tsunami damage from earth-

Direct Wind Effect-The rise of water from the east. quakes which occur anywhere in the faults that rim
wind consists of a component caused by the onshore No damage due to storm surges in coastal areas of the north Pacific coasts of North America and Asia.
wind and one caused by wind oblique to the shore, the Gulf of Alaska has been reported. This is probably
An onshore wind will cause water to move in the dir- because:
action of the wind due to the drag exerted on the water
by the movement of air. Its effects are directly propor- 1. Most shore areas are steep and rocky, so build-
tional to the wind stress and inversely proportional to ings and shore installations are well above sea
water depth. The effect of wind oblique to the shore level.
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Legend

Surface Currents

Surface currents information is from the U.S. Navy Marine Climatic

Atlas of the World Vol II, North Pacific. which is currently being revised
Mean speeds and directions of surface currents are derived from random ships'

observations, specific scientific cruise studies, and theoretical considerations.
More recent studies have differed with these depictions somewhat, especially
in the Gulf of Alaska and the Bering Strait in summer, Rover (1975) and
Ingrahan (1976) found evidence of currents flowing east and south along the
north and east coasts of the guif with a weak closed anticyclonic (clockwse)
circulation in the northeast Gull of Alaska. The strength of this circulation
varies from year to year in the weak summer flows. When this closed circula-
ion develops, the northward flowing Alaska Current is displaced to the

west Coachman and Aagaard (1966) found a weak sporadic current flowing
southward along the west coast of the Bering Strait, They also noted that
strength of flow through the strait varied by a factor of five within a week,

1 Mile Per Day Arctic Basin Gyre
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Figure 3 Summer sea surface currents
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Superstructure Icing
Ice accretion is a complex process that depends on

sea cond t ons, atmospheric conditions, and the ship's Surface Wind (knots)

size and behavior. Icing can be Caused by heavy sea 60 55 50 45 40 35 30 25 No Icing
spray, freezing rain, or fog. It can rean no more than .21 2

slippery decks on large m.erchant vessels since they I - -_______ L _____

often pass cuockl te hrough icing conditions and -4 24-
experience less wave wash in rough seas because of I
their high freeboard. At other times, ever. large vessels -7 2 _""_____

may experi..ce pob.lem Smaller ships .ith relatively or \\\\\ //
lower freeboarr. such as fishing vessels, small mer- 9 ,,-16 - - _ _ / / i
chant ships, anid coast guard cutters, are susceptible to 9 -\ \
wave wash in rough seas. Icing cart greatly increase a E11j'1
vessel's weight and elevate the center of gravity, mak- I I
ing ir top heavy. Ice may increase the sail area and I - /\ \ \

heeling rroment ilue ro witn) acrion, anrl trim can be -131
chanlge( because of nonuniforn ice distribution. Icing

also harpers steerabitity and lowers shp speed. Similar, -161 4.

pote tially dangerous stresses Carl occur on oil-drilling i - -

andI otiher stationary platforms, 8
Freezing spray is the most common ar i dangerous , --

fiorh (if icing. IT Caii Occur when the air temperature falls -201 4 Fil
below the freezing temperature of sea water (usually °C)rF I
about 2oC) and when sea surface temperatures are
below about 5

0
C. If the air temperature falls below

about -18
0

C, wind-induced spray may freeze before
striking the ship and not adhere. The lower the temp
erature and the stronger the wind, the more rapidly ice

accumulates. Freezing spray may deposit thick layers

of ice ot rigging or on deck areas, rapidly increasing the
vessel's weight, which can cause it to sink.

The National Weather Service's regional offices

at Anchorage and Fairbanks routinely issue structural
icing forecasts as part of their marine forecasting pro-
gram. Figure 5 is a nomograph used by the NWS in
forecasting spray icing. Data from sets Nos. 5, 14, and
15 can be used with this nomograph to estimate the
severity of spray icing for any month of the year. instruction: San that hoe estiriare hat the
The nomograph does not apply when sea ice reduces rerneraur is 14vF, ind velocity is

the amount of wind-generated spray. 30 knots, and the sea temperature is 32
0

F

Enter the nvroitrasrh on the 14
0

F tine.
Follow this line to the 30 hinot wind The ing aCegoes used hby The NWS are

velocir, line. From the itersetion o the Category Accumultion
twoy tines. tollowe the dliagonral line to the Light 0.4 to t1.4" in 24 hours
appropriate water temperature tine. At the Moderate t 4" to 2.6 in 24 hours
nntersection read off the icing category -in Heavy 2.6" to 5.7- in 24 hours
this case, heavy icing. Very Heave 5.7-4 in 24 hours

Figure 5 Adapted frome Coimiskey, A. 1976. Vessel Icing-Know When to Expect It. Alaska

Nomograph for forecasting Seas and Coasts. Unriversity of Alaska. Alaska Sea Grant Program. 4(51, Tp. 6-7.
spray ice accumulation
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Legend

Sea Ice [ 0.1 Coverage Open
Most of the Gulf of Alaska does not have sea ice water may freeze several inches thick on top of sea wa-

at any time during the year. Exceptions are the Cook ter. The greatest thickness of ice results from heavy D 1-0.4 Coverage Scattered
Inlet, northeast Prince William Sound, and other snow accumulating on top of a layer of ice, then partial
stretches of coastline with shore ice. Sea ice is normally thawing of the snow and later freezing of the slush. 0.5-0.7 Coverage Broken
present in Cook Inlet from December through March, This type of ice, consisting mostly of fresh water, can
occasionally from November to as late as April. Prince become as thick as 0.6 meters (2 feet). Bergy bits Approximate Maximum Extent of 0.1 or
William Sound usually has a shorter ice season. Shore breaking off of coastal glaciers normally do not hinder Greater Concentration
ice occurs along the south shore of the Alaska Penin- shipping. On rare occasions bergy bits and growlers
sula and along both sides of the Shelikof Strait and into combine into icebergs 18-25 meters (60 to 80 feet) Site of Coastal Glacier

Cook Inlet. across, presenting a hazard to small boats in Prince Note: Scattered pieces of ice may be encountered
Substantial amounts of ice form in most of the William Sound. Rarely does the ice that forms in bays, beyond the extreme limit

coves and many of the bays in winter. The amount coves, and inlets leave the sheltered areas of origin, but
of ice varies, sometimes forming and breaking up several when it does, it melts rather rapidly in tl~e relatively volume 1 North Pacific cean, U.S. Deit. of Commerce

times in a season. Under low wind conditions, fresh warm and turbulent waters of the Alaska Current. and U.S. Nav. 1961.
Western Aretic Sea ice Analysis. 1972-1975, U.S, Navy
Fleet Weather Facility. Suriand. Md.

November December January

~i

February March April

Ao, 0

Figure 7 Sea ice
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Immersion Hypothermia Sensible Climate Elements

Immersion hypothermia is the loss of heat when a Extremes data were gathered through a search of
body is immersed in water. With few exceptions, humans all available records deemed reliable, some dating back
die if their normal rectal temperature of approximately to the 1800s. Weather records of the U.S. Army Signal
37.6

0
C drops below 25.9

0 C. Cardiac arrest is the most Corps and, more recently, those of the National Weather
common direct cause of death. Except in tropical Service and the weather services of the U.S. Air Force
waters warmer than 200 to 25

0
C, the main threat to and Navy were included, as were data tabulations pre-

life during prolonged immersion is cold or cold and pared by the National Climatic Center.
drowning combined. Figure 9 presents annual means and extremes of

Cold lowers body temperature, which in turn temperatures, precipitation, snowfall, and wind for is.
slows the heart beat, lowers the rate of metabolism, land and coastal locations for which data are available.
and increases the amount of carbon dioxide in the These data are useful in planning for average as well as
blood. Resulting impaired mental capacity is a major least favorable conditions. Figure 10 (Precipitation in-
factor in death by hypothermia. Numerous reports from tensities) data indicate the percent frequency of oc
shipwrecks and accidents in cold water indicate that currence of precipitation amounts based on daily obser.
people can become confused and even delirious, further vations for the wettest month, the driest month, and
decreasing their chances of survival, annually. These data are useful in the design of storm

The length of time that a human survive; in drainage systems, culverts, and shore-based support
water depends on the water surface temperature and, to facilities. Figure 11 (Snowfall and snow depth) stat-
a lesser extent, on the person's behavior. Figure 8 shows istics show the month(s) with the greatest snowfall and
the approximate human survival time in the sea. Body snow depth and annual statistics. Percentages shown
type can cause deviations. For example, thin people in the annual column are averaged over 12 months.
become hypothermic more rapidly than fat people. If, as in some cases, several months of the year have
Extremely fat people may survive almost indefinitely in no snowfall or snow depth, this condition is indicated
water near 0°C if they are warmly clothed, by showing the actual number of months with snow.

The cooling rate can be slowed by the person's Figure 12 (Type of precipitation) shows the percent
behavior and insulated gear. Wilson (1976) closely frequency of occurrence of precipitation by type, based
monitored more than 500 immersions in the waters on hourly observations with no regard to int-.isity.
around Victoria B.C. with temperatures ranging from These data are useful in planning surface transportation
40 to 16

0
C. Using the information obtained from systems, construction schedules, and recreational act-

his research, Wilson reasoned that if the critical heat ivities. Figures 13 and 14 (Visibility obstructions and
loss areas could be protected, survival time would Ceiling and visibility data) are especially useful for
increase. The Heat Escape Lessening Posture (HELP) pilots and others planning flying activity. AEIDC and
was developed for those in the water alone and the NCC can provide more detailed monthly and daily
Huddle for small groups. Both require a life preserver, statistics.

HELP involves holding the upper arms firmly against Maps in set No. 17 (Wave height thresholds and
the sides of the chest, keeping the thighs together, hazardous sea conditions) show maximum wave heights.

and raising the knees to protect the groin area. In the These were taken from tabulated reports of maximum
Huddle, people face each other and keep their bodies wave heights supplied by the National Climatic Center
as close together as possible. These positions improve and were supplemented by observations from various
survival time in 9

0
C water to four hours, approximately volumes of the Mariners' Weather Log, a publication of

two times that of a swimmer and one and one-half times NOAA's Environmental Data Service.
that of a person in the passive position.

Figure 8

Survival time versus water temperatureWater Exhaustion or Expected time

Temperature Unconsciousness of Survival

0°C 15 min 15-45 min
00- 5

0
C 15-30 min 30-90 min

5
0

-10
0

C 30-60 min 1- 3hrs

10
0

-15
0

C 1- 2hrs 1- 6hrs

15
0

-2
0

0C 2- 7 hrs 2-40 hrs
20

0
-25

0
C 3-12 hrs 3-indefinite hrs

25
0C Indefinite Indefinite
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I Cold Say 2 Kodiak 3 Kenai 4 Anchorage

Least Most Least Most Least Most Least Most

Inches Apt Nov Annual IInches Jun NOV Annual Inches may Sep Annual Inches Mar Sep Annual

Trace 41.8 19.9 30.6 Trace 18.7 18.7 20.0 Trace 21.9 13.3 18.3 Trace 21.8 23.3 29.1

0.01 -0 10 30.7 .34.7 34.3 0.01-0.10 19.0 18.3 18.9 0.01-0.10 17.7 22.1 18.2 0.01-0.10 19.6 29-0 183

0.11 0.25 7.9 15.8 13.0 011-0.25 11.0 14.0 14.0 0.11-0.25 6.6 12.8 8.7 0.11-0.25 4.3 9.4 7.1

0.26-0.50 2.4 8.9 5.9 0.26-0.50 8.0 13.7 10.4 0.26-0.50 2.2 9.6 4.5 0.26-0.50 1.6 5.2 3,3

0.51 -1.00 1.1 6.4 2.9 0.51-1.00 3.3 11.3 6.3 0.51 -1 .00 0.8 6.1 2.0 0.51-1.00 0.0 2.1 1.1

1.01 -2.60 0.4 1.4 0.9 1.01 -2-50 1.7 3.0 2.0 1.01 -Z250 0.0 1.1 0.3 1.01-2.60 0.0 1.2 0.3

Z.51 -5.00 0.0 0.3 0.1 2 5t-6.00 0.0 0.0 2.51-5.00 0.0 0.0 0.0 2.51-5.00 0.0 0.0 0 0

5.01-10.00 0.0 0.0 0.0 5.01-10.00 0.0 0.0 0.0 5.01-10.00 0.0 0.0 0.0 5.01-10.00 0.0 0.0 0,0

TOTAL 42.5 67.5 57.1 TOTAL 43-0 60.0 51, 6 TOTAL 27.3 51.8 33.8 TOTAL 25.5 47.0 30,3

5 Cordova 6 Middleton Island 7 Yakutat 8 Annette Island

Least Most Least Most Least Most Least Most

Inches Jun Sep Annual Inches Jun Oct Annual Inches Jun Oct Annual Inches May Nov Annual

Trace 16.7 7.8 12.3 Trace 21 3 14.7 17.1 Trace 19.3 4.1 11.0 Trace 14.4 19.9 12,5

0.01-0.10 21.0 17.0 19.2 0.01-0.10 24.7 24.7 25.1 0.01-0.10 21.9 10.4 16.2 0.01-0.10 19.8 34.7 15.8

0A 11-0.25 16.0 9.4 12.8 0A 11-0.25 7.3 16.8 13.4 0.11-0.25 10.4 10.7 11.6 0.11-0.25 11.8 15.8 11A1

0,26-0.50 11.6 11.3 11.6 0.26-0.50 5.3 10.4 10.0 0.26-0.50 8.5 13.4 11.6 0.26-0.50 9.1 8.9 11.9

0.51-1.00 5.3 14.2 9.7 0.51-1.00 2.3 12.5 7.3 0.51-1.00 6.9 20.8 12.1 0.51-1.00 6,9 6.4 12.0

1 01 -2Z50 2.5 11.9 6.5 1.01-2.50 0.3 3.9 1.9 1.01-2,50 3.7 19.1 10.2 1.01-2.50 5.2 1.4 8.8

2 51-5.00 0.1 2.9 r).8 1.51 -5.00 0.0 0.4 2.51-5.00 0.8 2.7 1.6 2.51-6.00 0.7 0.3 1.2

5.01-10.00 0.0 0.1 5.01-10.00 0.0 0.0 0.0 5.01-10.00 0.0 0.1 5,01-10.00 0.0 0.0

TOTAL 57.1 66.8 59A1 TOTAL 42.6 72.3 57.7 TOTAL 62.4 77.2 63.2 TOTAL 53.9 67.5 60.9

Percent frequency of ocJcurrence of precipitation is baned on daily observations. Columnsl
2. 3. and 4 are for the months wvith least and most precipitation and the annual inienage
remsectively. Total is percent of days with measurable precipitation.

lea han .0% P"ePared from USAF Air Weather Service data, various dates.

Figure 10 Precipitation intertii
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1 Col Bay2 Kodak 3Kena

Soo~~t( nowDept Snwfal Snw Deth nowfll no. ept

Annua Annal AnualAnnul Anual nnua
Ma Bae a ae ax BsdMx BsdMa ae a ae

Mont on10 Mnthon Monh o 8 Mnthon Monh o 9 Mnthon

2,-4 Col 2 Ko3a 3- Ke241 2na. . 16 46 87 . .-. 4 32 14- . .

1Tr5 e 44 8t .-2 4g-ace 2.6 80.0 25.-Ac 73.5 87.80 Trc 4 8 W 31 Z 2.5-5. 803 Src 0.8 87.7 49r6e 5.8 58.0

T.O10. 6 .I TTL 4.0.0 0.0A 13-2 2.24 0.4 8-1. 0.5.5 1-2 3.2 19.8 5TOAL 09.7 0.3 13-24L 394.2 132

4 Anchorage 5 Cordova 6 Middleton Island
S-ft Sno r~t .of nwDpt nwalSo et

Annual Annual Annual Annual Annual Aninual

Man Based Max Based Mao Based Mao Based Mae Based Mac Based
Month 00 8 Month on 8 Month en 8 Month on 8 Month n 8 %,,nth an?7

Inches Dec Months Inches Mar Months Inches Dec Months Inches Apr Months Inches ec -Months Inches [inc Months

Trace 71.2 86,3 !STrace 10.0 55.6 !.Trace 61.3 83.4 STrace 40.9 84.3 S.Trace 68.8 90.0 <Trace 71.8 90 7
0.1 2.4 22.1 10.7 1-3 18.1 12.9 0.1-2.4 28.1 11.8 1-3 19.2 11.3 0.1-2.4 27.8 9.0 1-3 14.9 68

2.5 4.4 4.8 1.8 4.6 19.4 8.0 2.5-4.4 7.4 2.8 4-6 11.3 6.4 2.5-4.4 3.2 0.7 4-6 8.1 1.9
4.5 .6.4 0.8 0.85 7 12 16.4 12.5 4.5-6.4 3.0 1.1 7-12 15.2 7.2 4.5-6.4 0.5 0.2 7-12 5.2 0.6
6.5 10.4 0.5 04 13-34 35.5 9.0 8.5-10.4 1.3 0.9 13-24 8.8 6.8 6.5-10.4 0.0 0.1 13-24 0.0 0.0
10.5-15.4 0.3 0.2 25-38 9.1 1.6 10.5-15.4 0.9 0.2 28-36 1.2 3.3 10.5-15.4 0.0 2 5-36 0.0 0.0
15.5-25.4 03 * 37-48 1.8 0.4 15.5-25.4 0.0 * 37-48 2.4 0.6 15.5-25.4 0.0 0.0 37-48 0.0 0.0

25. 5.4 0. 0.0 49-60 0.0 0.0 28.5-50.4 0.0 0.0 49-60 1.0 0.1 25.5-50.4 0.0 0.0 49-60 0.0 0.0
TOTAL ' 8. 13.7 TOTAIL 90.0 44.4 TOTAL 38.7 16.6 TOTAL 59.1 35.7 TOTAL 31.5 10.0 TOTAL 28.2 9.3

7 Yakutat 8 Annette
Snowtfall Snow Depth Snowfall Snow Depth Legend

Annoal Annual Annual Annual
Mao Beaet Mae Based Man Based Maxs Based Percent frequency at occurrnrce of snowftall and snow depth
Month on 8 Month on 8 Month on B Month on 8 is based on dally observations In each table colomn 2,s the

Inches Dec Months Inches Mar Months Inches Jan Months Inches Jan Months month that averaqed the most, and colamn 3 is the annual
'

5
Traee 51 2 79.3 Trae 15.9 62.9 !.Trace 76.1 92.1 .Trace 84.8 91,7 Percent aneraand over 12 months Column 3 shows the

0 1 2.4 29.1 124 1-3 8.7 8.3 0.1-2.4 '18.1 6.0 1-3 17.0 4.9 number of months wth seowall or snow depth The, total
25 4.4 8.4 3.8 4-6 7.7 5.0 2.5-4.4 3.8 1.1 4-6B 7.6 1.7 at the bottom of each box is the percent .t days w,th
45-6~4 4.4 2.0 7- 12 7.5 5.5 4.5-6.4 1.6 0.5 7-12 7.5 t.1 measurable snowfall or snow depth
65-10.4 55 1.8 13-24 17.7 7.9 6.5-10.4 0.6 0.3 13-24 1.5 0.3
10.5-15 4 1.3 0.8 25-36 20.3 5.6 10.5-15.4 0.0 * 25-36 1.0 0.2 l ess than 0.05%
15.5-25.4 0.1 0.1 37-48 13.2 3.0 15.5-25.4 0.0 0.0 37-48 0.6 0.1
25.4-950.4 0.0 * 49 90 1 8 255-90.4 0.0 0.0 49-60 0.0 0.0 Priepueo teem USAF Ale Weather Service data. various dates.
TOTAL 48.8 20.7 TOTAL 84.1 37.1 TOTAL 23.9 7.9 TOTAL 35.2 8.3

Figure 11 Snowfall and snow depth
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1 Cold Bay 2 Kodiak 3 Kenai 4 Anchorage 5 Cordova

R ZR S R ZR S R ZR S R ZR S 8 ZR S
or or or Or Or or or or or or or or or or or
L ZL E TOT L ZL E TOT L ZL E TOT L ZL E TOT L ZL E TOT

Jan 15.3 0.4 21.d 35.9 Jan 19.5 01 13.2 30.6 Jan 2.7 0.9 12.7 15.5 Jan 2.5 1.0 15.6 18.3 Jan 15.1 0.2 17.6 29.3
Feb 12.9 0.7 24.7 37.1 Feb 16.2 14.0 28.1 Feb 1.9 0.5 13.8 15.6 Feb 1.6 0.4 17.6 19.1 Feb 16.3 0.1 21.3 34.1
Mar 10.5 0.8 25.7 35.0 Mar 12.1 16.9 27.0 Mar 2,0 0.1 12.6 14.4 Mar 2.3 13.6 15.7 Mar 14.0 204 31.2
Apr 15.1 0.1 21.9 35.3 Apr 18.3 0.0 10.0 26.7 Apr 4.8 0.1 8.4 12.7 Apr 4.7 10.1 13.9 Apr 23.2 12.8 31.9
May 30.7 . 5.8 34.8 May 32.3 0.0 04 32.3 May 10.2 0.0 0.5 10.5 May 10.4 0.0,, 0.4 10.7 May 36.4 0.0 1.5 37.2
Jun 33.8 0.0 0.2 34.0 Jun 23.4 0.0 23.4 Jun 14,3 0.0 0.0 14.3 Jun 13.8 0.0 0.0 13.8 Jun 33.2 0.0 0.0 33.2
Jul 36.0 0.0 * 36.0 Jul 24.0 0.0 0.0 24.0 Jul 15,6 0.0 0.0 15.6 Jul 19.2 0.0 0.0 19.2 Jul 37.1 0.0 0.0 37.1
Aug 40.2 0.0 0.0 40.2 Aug 22.0 0.0 0.0 22.0 Aug 18.3 0.0 0.0 18.3 Aug 19.1 0.0 0.0 19.1 Aug 34.0 0.0 0.0 34.0
Sep 32.8 0.0 0.1 32.9 Sep 22.0 0.0 0.1 22.1 Sep 20.6 0.0 0.1 20.6 Sep 20.1 0.0 0.4 20.4 Sep 39.2 0.0 0.1 39.2
Oct 27.5 . 5.5 326 Oct 22.1 3.4 24.8 Oct 12.5 0.1 4.6 16.4 Oct 9.7 0.1 7.3 16A Oct 378 31 40.0
Non 22.8 0.2 13 1 34.0 Nov 25.2 72 31.0 Nov 5.2 0.4 10.3 14.8 Nov 2.4 0.3 13.6 16.0 Nov 28.2 0.1 9.7 35.6
Dec 18.9 0.6 22 1 358 Dec 17.5 0.1 15.5 30.9 Dec 2.1 0.7 14.8 17.0 Dec 1.8 0.6 18.2 20.4 Dec 20.2 0.3 18.8 36.3
Ann 24.6 0.2 11.3 35.4 Ann 21.3 6.7 26.9 Ann 9.3 0.2 6.4 15.5 Ann 8.9 0.2 8.2 16.9 Ann 27.9 0.1 8.8 34.9

6 Middleton Island 7 Yakutat 8 Annette Island

R ZR S R ZR S R ZR S Legend

or or or or or or or or or
L ZL E TOT L ZL E TOT L ZL E TOT

Jar 19.7 01 9.0 279 Jan 19.4 0.2 18.3 35.6 Jan 28.5 0.2 10.9 37.4
Feb 194 * 8.7 27.3 Feb 19.6 0.1 20.1 37.3 Feb 30.2 0.0 9.5 37.2
Mar 16.0 00 11.6 28.1 Mar 15.4 21.6 34.5 Mar 26.9 9.4 33.2 Percent frequency of occurrence of precipitation by type is based
Apr 19Z 0.0 54 24.1 Apr 24.9 9.4 31.9 Apr 31.4 2.6 32.4 on hourly observations regardless of intensity.
May 27.3 0.0 0.0 273 May 31.4 0.0 0.9 32.1 May 24.6 0.0 0.1 24.7
Jun 20.8 0.0 0.0 20.8 Jun 28.6 0.0 0.0 28.6 Jun 24,6 0.0 0.0 24.6
Jul 23.5 0.0 0.0 23.5 Jul 33.2 0.0 0.0 33.2 Jul 22.8 0.0 0.0 22.8 R or L m Rain or drizzle

0.0 26.9 Aug 32.5 0.0 33.5 Aug 22.5 0.0 00 22.5 ZR or ZL 
= 

Freezing rain or freezing drizzle
Aug 26.9 0.0 Z$ or E = Snow or sleet
Sep 26.1 0.0 . 26.1 Sep 37.5 0.0 0.0 37.5 Sep 28.2 0.0 0.0 28.2 TOT = Total percent of observations with precipitation
Oct 25.3 0.0 1.1 262 Oct 41 0 2.0 42.5 Oct 40.4 0.0 0.4 40.6
Non 28.5 0.0 3.0 31.1 Nov 299 11.3 39.8 Nov 36,8 " 5.1 40.3 less than 0.05%

Dec 206 8.8 28.6 Dec 23.4 0.1 20.8 42.2 Dec 33.0 0.1 10.4 41.2
Ann 228 3.8 26.2 Ann 28.2 * 8.7 35.7 Ann 29.2 " 4.0 32.1 Prepared lrn USAF Ale Weather Service data. various das.

Figure 12 Type of precipitation
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1 Cold Bay 2 Kodiak 3 Kenai 4 Anchorage 5 Cordova

K K K K K
or 0( or or or

F H BS TOT F H BS TOT F H 8S TOT F H BS TOT F H BS TOT

Jn 12.5 8.7 211 Jan 8.7 2.4 11.1 Jan 9.6 0.0 0.5 10.1 Jan 12.8 0.1 13.0 Jan 6.7 0.0 0.4 7,1
Feb 11.6 7.3 191 Feb 8.3 0.0 1.4 9.7 Feb 7.8 0.0 0 7 6.4 Feb 7.1 0.0 7,2 Feb 5.4 0.0 0.5 5.8
Mar 10.8 0.1 6.3 17.0 Mar 5.4 0.0 2.9 8.3 Mar 6.3 0.0 0.3 6.6 Mar 2.4 0.0 0.0 2.4 Mar 3.8 0.4 4.2
Apr 10.5 2.2 12.7 Apr 6.1 0.4 6.6 Apr 5.9 0.0 5.9 Apr 2.3 0.0 0.0 2.3 Apr 4.8 0.0 4.8
May 11.5 . 12.0 May 12.2 0.0 0.0 12.2 May 1.2 0.0 0.0 1.2 May 0.3 0.0 0.3 May 4.9 0.0 0.0 4.9
Jun 18.0 0.0 0.0 18.0 Jun 16.4 0.1 0.0 16.5 Jun 3.7 . 0.0 3.8 Jun 1.1 0.1 0.0 1.2 Jun 10.1 0.2 0.0 10.3
Jul 28.3 0.1 0.0 28.3 Jul 17.1 0.4 0.0 17.5 Jul 5.1 0.3 0.0 5.3 Jul 1.9 0.8 0.0 2.7 Jut 17.4 0.1 0.0 174
Aug 32.3 0.0 32.4 Aug 12.8 0.0 12.9 Aug 5.0 0.0 5.1 Aug 1.9 0.0 0.0 1.9 Aug 15.0 0.0 0.0 15.0
Sep 18.0 0.0 0.0 18.0 Sep 10.5 0.0 0.0 10.5 Sep 4.2 00 0.0 4.2 Sep 3.1 0.0 00 3.1 Sep 12.8 0,0 0.0 12.8
Oct 9.3 0.0 02 9.5 Oct 6.1 01 . 6.3 Oct 3.4 0.0 3.4 Oct 2.6 0.3 0.0 2.9 Oct 5.8 0.1 0.0 5.9
No. 10.2 0.1 3.0 13.4 NoV 8,2 . 12 9.3 Nov 5.2 0,0 0.2 5.4 Nov 4.3 0.1 4.4 Nov 4.9 5.0
0ec 10.3 7.4 17.6 Dec 6.1 0.0 2.6 8.7 Dec 9.1 0.0 0.5 9.6 Dec 7.8 0.1 0.1 7.9 Dec 5.0 0.0 03 5.2
Ann 15.5 2.9 18.4 Ann 9.8 01 0.9 10.8 Ann 5.5 02 5.7 Ann 4.0 0.1 4.1 Ann 8 1 0.1 8.2

6 Middleton Island 7 Yakutat 8 Annette Island

K K K Legend
or or Or

F H BS TOT F H BS TOT F H BS TOT

Jan 15.5 0.1 2.1 17.5 Jan 11.4 0.7 121 Jan 7.7 G.4 6.2
Feb 11.8 0.0 1.3 13.0 Feb 13.4 04 13.8 Feb 7.5 0.6 8.1
Mar 13.8 * 0.7 14.3 Mar 10.5 0.9 11.4 Mar 5.3 0.0 0.1 6.4 Perceol reton cy or oncorrnncn ot obsnrocon- to n ion s based

Apr 13.4 0.0 13.4 Apr 9.0 0.0 . 9.0 Apr 4.2 0.0 0.0 4.2 on hourly observaon

May 19.5 0.0 0.0 19.5 May 9.7 01 0.0 9.8 May 5.1 0.1 0.0 5.2
Jun 18.2 00 0.0 18.2 Jun 13.6 0.1 0.0 13.7 Jun 8.1 0.0 8.1 F - Fog
Jol 231 0.1 0.0 23.4 Jul 197 00 19.8 Jot 9.7 0.0 9.8 K or H Srnoken
Aug 23.0 00 0.0 23.0 Auo 213 0.0 21.3 Aug 11.4 0.0 11.4 BS slowing snow
Sep 18.3 0.0 18.4 Sic 18.5 0.0 18.5 Sep 131 0.1 0.0 13.2 TOT = Total percen of obs,vaons Wtn obstroctons to vson

Oct 12.6 . 129 Ocr 108 . 108 Oct 11.7 * 0.0 11.7
Nov 17.2 0.A 17.9 Non 92 0.0 02 9.6 Nov 8.7 0.1 0.1 8.9
0cc 10.1 0.0 1.2 111 Dec 9.9 0.0 07 10.8 Dec 7.0 0.0 0.3 7.3
Ann 16.6 04 170 Ann 131 . 02 134 Ann 8.3 0.1 8.5

Prepared from USAF Ar Wealther Service data, various dates.

Figure 13 Visibility obstructions
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Visibity (ii miles) Ceiling Visibility (in miles)
(in feet)

77 78 78 78 78 78 78 t1,800 60 61 61 62 62 62 62
81 81 81 81 81 81 81 1,500 68 69 69 69 70 70 70

83 84 84 84 84 84 84 1,200 73 75 75 75 75 76 76
86 87 87 87 87 87 87 1,000 78 80 81 81 81 81 82
87 88 88 88 89 89 89 900 79 82 83 83 83 83 84
88 90 90 90 90 90 90 800 > 82 85 86 86 86 86 87

'a 89 051 9191 91 91 92 700 12 83 87 88 88 88 89 90
°

90 92 92 93 93 93 93 600 -2 85 89 90 90 92 92 92
91 93 94 94 94 95 95 t500 87 91 93 94 94 94 95
j2 95 95 96 96 % 96 t400 88 93 95 96 96 96 97
92 96 97 97 97 97 98 _! 300 88 94 96 96 97 98 98
92 96 97 98 98 99 99QJ 200 88 94 96 97 98 99 99
92 96 98 98 99 99 100 100 88 94 96 97 98 99 99
92 96 98 98 99 100100 _ 0 88 94 96 97 98 99 100

91 91 91 91 92 92 92 1-1,800 90 90 90 90 91 91 91

92 92 93 93 93 93 93 _t 1.500 91 92 92 92 93 93 93
93 94 94 94 94 95 95 _! 1,200 92 93 94 94 94 94 94

94 95 95 95 95 96 96 t 1,000 93 94 95 95 96 96 96
94 95 95 96 96 96 96 900 93 95 95 96 96 96 96

1994 95 96 96 96 96 97 -800 7. 94 95 96 97 97 97 97

894 96 96 96 97 97 97 -700 ,94 96 96 97 97 98 98
95 96 97 97 97 98 98 - 600 94 96 97 98 98 98 98i
95 97 97 97 98 8 -500 95 97 98 98 99 99

95 97 98 98 98 99 99 400 95 97 98 98 99 99 99
96 97 98 98 99 99 99 "300 95 97 98 99 99 99 100
96 97 98 98 99 99 100 -200 95 97 98 99 99 100 100
96 97 98 98 99 99 100 - 100 95 97 98 99 99 100 100
96 97 98 98 99 99 100 - 0 95 97 98 99 99 100 100

67 67 68 68 68 68 68 -1,800 81 81 81 81 81 81 81
74 74 74 74 74 75 75 - 1.500 85 85 85 85 85 85 85
79 80 80 80 80 80 80 i1,200 89 90 90 90 90 90 90

84 85 85 85 86 86 86 '1,000 91 93 94 94 94 94 94
85 87 87 87 87 87 87 t900 92 94 96 95 95 95 95
87 89 90 90 90 90 90 800 93 95 96 96 97 97 97
88 91 91 91 92 92 92 o700 I 93 96 97 97 97 97 97

r90 93 93 94 94 94 94 t600 93 96 97 98 98 98 98
, 90 94 95 95 96 96 96 ! 500 93 97 98 98 99 99 99 Data are presented for all months and all hours. A ceiling

91 94 96 96 97 97 97 2 400 93 97 98 99 99 99 99 exists when the sky is more than half covered with
91 95 96 97 98 98 98 ! 300 93 97 98 99 99 100 100 clouds. Due to the cumulative nature of this presenta-
91 95 97 97 98 99 99 200 93 97 98 99 99 100 100 tion, it is possible to determine the percentage frequency
91 95 97 97 98 99 100 100 93 97 98 99 99 100 100 of occurrence for any given limit of ceiling or visibility
91 95 97 97 98 99 100 t 0 93 97 98 99 99 100 100 separately, or a combination of ceiling a-id visibility.

The totals progress to the right and downward. -he
74 74 74 74 74 74 74 ' 1,800 62 62 62 63 63 63 63 frequency of occurrence of a particular ceiling height
78 78 78 78 78 78 79 1,500 67 68 69 69 69 69 70 may be determined independently by referring to
84 84 84 84 84 85 85 :t 1,200 74 75 76 76 76 7 totals in the extreme right hand column for each station.
87 88 88 88 89 89 89 i1,000 79 81 82 83 83 83 83 The frequency of occurrence of a particular visibility
88 89 90 90 90 90 90 900 80 83 84 84 85 85 85

0 9 92 92 92 92 92 800 - 0 83 8 8 8 88 5~ 89 range may be determined independently by referring to
:90 91 92 92 92 92 92 -t 800 83 86 87 88 88 89 89 the horizontal row of totals at the bottom of each~92 93 93 9393 93 93 760 85 88 990 91 91 91

91 93 93 93 93 93 93 _ 700 84 88 89 90 91 91 91 station grid. The percentage frequency for which the
93 95 96 96 96 96 97 t 500 86 91 93 95 96 96 96 station was meeting or exceeding any given set of mini-
93 96 97 97 98 98 98 5400 >m87 92 93 95 96 9 8 98 ma may be determined from the figure at the inter-
94 97 98 98 99 99 99 t 300 87 93 95 97 98 99 98 section of the appropriate ceiling column and visi
94 97 98 99 99 99 99 - 200 87 93 95 97 99 99 100 bility row.

94 97 98 99 99 100 100 - 100 87 93 95 97 99 100 100 Data compiled by U.S. Air Force, Air Weather Service
94 97 98 99 99 100 100 - 0 87 93 95 97 99 100 100

Figure 14 Ceiling and visibility data
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Wind Chill heat toss ba convective coo ,q, The malo, Soo Ce of

body heat loss Graph set No 5 relates air temp.rature

Human and animal bodies, or any physical bodies and wind speed. When used ,n conjuniction won Fqure

warmer than their surroundings, lose heat. The rate of 15 . the percentage frequency of occurrence 0 var,)us

loss depends on the barriers to heat loss, such as clothing values of equivalent wind chill temperature can be

and insulation, the speed of air movement, and the air estimated. Map set No 3 shows the percentage fre

temperature. Heat loss in humans increases dramatically quency of occurrence of equivalent wind chili temper

in moving air that is colder than skin temperature taken atures iess than 30
0

C, which represents the equivalent

as 33
0

C. Even a light wind increases heat loss, while a temperature at which exposed flesn can freeze wi;lhn

strong wind can actually lower body temperature if the 1 minute.

rate of loss is greater than the body's heat replacement

rate.

The relationship between heat loss and the cooling

power of different wind and temperature combinations

is shown in Figure 15. Equivalent wind chill temperature

relates a particular wind and temperature combination

to whatever temperature would produce the same loss

of heat at about 3 knots (6 km/hr), the normal speed

of a person walking vigorously. Loss of body heat can

also occur by breathing cold air into the lungs and

touching or leaning against cocl objects. Heat loss is

not as great in bright sunlight where there is some

radiant heat gain. The chart in Figure 15 applies to

shady areas and cloudy d,,s of nights and represents

Figure 15
Equivalent wind chill temperature

Equivalent Wind Chill Temperature

Wind Speed Cooling Power Of Wind Expressed As "Equivalent Chill Temperature"

knots I km/hr Temperature 10C)

Equivalent Cill Temperature
3 C 6 12 8 4 0 -4 .8 -12 .16 -20 .24 28 -32 -6 .40 .44 48 52 56

5 10 9 5 - 4 -8 -13 -17 -22 .26 .31 -3 40 44

11 20 5 0 -5 -10 -15 -21 .26 -31 -3N -42 .47 -652 467

16 30 3 -3 -a .14 -20 *25 -31 -37 -43 As -4

22 40 1 -5 -11 *17 -23 -29 -36 41 -47 483 -a

21 so 0 -6 .1 9 -S -31 -37 -43 ,.4 4M

38 I 70 -f -7 .14 [-20 -27 -3,3 .40 -46 .52

43 80 -8 .14 -21 -27 -34 -40 -47 43

49 90 -1 -8 .14 *21 -27 44 40 -47 -a2

54 100 1 -1 4 -427.4 1-

Dangir Of Friesins Exposed Flesh For Properly Clotifed Individuals

Adapted fro' NWS/NOAA Technicl Procedures Bulletin NO. 165
Effective Temperature (Wind Chill Index) 1976
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Marine and Coastal
Climatic Atlas

William A. Brower, Jr.
Henry F. Diaz
Anton S. Prechtel

The marine observations used in computing the With a TDF.11 inventory of the number of ships' For certain elements, unbiased estimates of population
statistics for the maps, graphs, and tables in this atlas observations by 1.00 squares, a polar projection grid standard deviations are given on the graphs to provide
were taken from the National Ckimatic Center's (NCCI was defined to give at, approximate equal geographic a measure of variability. The standard deviation on
Tape Data Family 11 (TDF-1 1), Surface Marine Ob area coverage: 10 latitude by 20 longitude for the lati- these graphs is denoted by s and was computed using
servations containing data collected by ships of various tude belt 500 - 61°N; 1 by 30 for 610 - 70

0
N; and the expression:

registry traveling through the study area (500 - 80
0

N, 10 by 40 for 700 - 80
0

N. Element statistics (with

130
0  

180°W). Because relatively little data exist for observation counts) for each of 445 marine squares and
the near-coastal 7sne, observations for 49 coastal land 49 coastal stations for each month were then computed-2
stations mere combined with the marine data to present and plotted on maps, Meteorologists drew isopleths N 2 - /
the best possible climatological picture of the outer (lines connecting points of equal magnitude) on 324 [ x ( 

)2

continental shelf waters and coastal regions of Alaska. element maps, making subjective adjustments when 1 i1l

The stations' data were taken from the edited data biases or insufficient observations were evident. [ NN 1I
digital files of NCC and the U.S. Air Force's Environ- They also performed consistency checks in monthly J
mental Tehnical Applications Center in Asheville, N.C. patterns for each element and between elements as
Marine data were subjected to thorough computer and well as comparative checks with other marine atlases

visuaI quality control before processing to eliminate and publications (see References).
doplicate observations and exclude or adjust elements To supplement the isopleth analyses, more than where N is the number of observations in the sample
detected during internal consistency and extreme 10,000 statistical graphs were produced for 39 of the and x i is the th realization of the random variable x.
value checks coastal stations and 14 representative marine areas. Low-pressure centers-The roses and tracks of the

The percentages of the 600,000 marine and 2 The graphs represent the objective compilation of low-pressure center movement maps are based on 9
million land observations that contained basic available data; they were not adjusted for suspected years of track charts (January 1966-December 1974)
weather elements are biases, and differences may be found when comparing prepared by the National Weather Service's National

the graphic data with the isopleth analyses. Meteorological Center. These charts show cyclone tracks
Marine Coastal Stations The legends explain the data content of the based on six hourly positions of closed centers.

Wind 985 98.2 giaphs and maps, contain detailed instructions on Frequencies of cyclone centers passing through
V,sib0lty 97 8 97.4 how to read the graphs, and provide remarks to aid in 2/2-degree "squares" were analyzed for the north Pacific
Present weather 96,9 982 interpreting the data. The following paragraphs contain Ocean to obtain the mean tracks. Primary tracks were
Sea level pressure 96 2 97 2 additional remarks likely to be of interest to those selected along axes of maximum cyclone center fre-
Air temperature 99 1 99.4 called upon to interpret the data and provide answers to quency and secondary tracks along axes of moderate
Wet bulb temperature 64,9 96.6 specific operational questions. frequency. The origins (first reported closed position)
Sea surface temperature 86.1 - Standard deviation-Most of the graphs allow were also plotted by 2i"degree "squares" and analyzed
Total cloud amount 95.6 97.8 approximation of the empirical probability of occur- to find regions of cyclogenesis (only formation, not
Low cloud amount 79 1 70.1 rence of selected criteria. This is a major factor in intensification). However, no regions of cyclogenesis
Wave, 70.8 - assessing the risk involved in operational planning. were defined within the Alaskan area
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Return Periods for Maximum Sustained Winds The graphic p-resentations, In addition to ajlowng

(Coastal Stations)-Estimated maximum sustained winds determination of extremes for protsabliltes other thai'
speeds for selected return periods are presented in those given in the tables, also provde an ri cation of

graphic and tabular form. Follo,.,ng the method out- the "goodness of fit of the molel to tine data To
lined by Lieblein (1954, 1974a. 1974b), these estimates analytically quantify the "goodness of f.' a Kolmo
were obtained by initially fitting the extreme value gorov-Smirnov (K-S test was performed unider the nu-
distribution to each station sample containing N maxi hypothesis, H., that there is no Ofference lsetwseen Tne
mum annual wind speed values, then inverting the dis- model and the data with a type I error probdbuty in

tribution and con:puting extreme values for selected of 0.05. Data samples for whic H O was no! accepted
probabilties. Confidence bands were then computed are from Annette and Bethel.
following the techniques of Gumbel (1958) and Gumbel The confidence limits shown by the ensefope of
and Lieblein (1954). lnes about the line of "best fit" represent the levei o4

The extreme value distribution approaches the uncertainty in the extreme value corresponding to j

form: given probability. For this study 68 percent confidence
limits were computed. This means that in 68 percent of
repeated samples the true extreme value will be con

tained within these limits.

F15 ) Flx/..) -exp [exp ((.ap f es 41 efetL.mot cn.osofma(2) Sea Ice -The ice limits shown on the monthly

maps of set s 14-17 r ef lect midmonth co0nditions of meaiiice concentrations for different threshold values. The
ice limits were derived from weekly analyses of sea ice

where F(x) is the probability that an observation is equal cond'tions (1972.75) based on satellite imagery supple
to or less than the specified value x. P- is the mode and mented by conventional observations and from pre-
j is the scale parameter. Since the wind speed data siously published atlases (see References). Actual con

were trensfoemed logariImically, j. and P3 refer centratio boundaries, under the influence of changing
to the transformed data not the wind speed maxima. synoptic meteorological and oceanographic situations.

The values given on each graph for ja and P are not may vary w.ely from the averages.

identical to the H. and 13 in equation (2) but rather
are the result of exponentiating the mode and scale

parameter for the distribution of the logarithms of
the extreme wind speed values.

The following stations and representative marine areas
have data plotted for analysis and graphs.

Avg. No.

Land Stations Lat. 1
0
N) Long. (1W) Data Processed No. of Obs. Obs./Day

Anchorage 61.2 150.0 Nov 1952-Dec 1974 61,834 8
Annette Island 55.0 131.6 Jul 1948-Dec 1974 77,419 8
Cold Bay 55.2 162.7 Jul 1955-Dec 1974 56.985 8
Cordova 60.5 145.5 Jan 1945-Jan 1971 74.809 8
Homer 59.6 151.5 Jul 1945-Dec 1974 76,366 8
Kenai 60.6 151.3 Jul 1948-Jan 1971 69,454 8
Kodiak 57.8 152.3 Nov 1945-Dec 1974 84.630 8
Middleton Islano 59.5 146.3 Jul 1948-Jun 1963 43,216 8
Sitka 57.1 135.4 Jul 1948-Jan 1971 65,989 8
Yakataga 60.1 142.5 Jul 1948-May 1968 52,982 8
Yakutat 59.5 139.7 Aug 1948-Dec 1974 77.101 8

Representative Marine Areas

A 52-Coast 156-165 1872-1974 41,097

B 54-57 150-156 1872-1974 12,491

C 57-Coast 150-Coast 1872-1974 11,703
D 56-Coast 144-150 1872-1974 20,016

F 56-Coast 138-144 1872-1974 13,480
F 54-Coast Coast-138 1872-1974 18.891
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The land and marine dlata used in prod uc ing the
maps and graphs are at the NCC in a separate file desiq-
nated the Alaskarr Waters Atlas Work Japns Also on
file are computer tabulations of rnonthr; statistical
tables tor the above stations arrd marirre areas.

The rluratron-of-daylight chart for the Northern
Hemisphere defines daylight as the periodi from sunrise
TO Suinset. The upper scale at the bottom of the chart is
for the Northern Hemisphere, the lower scale rs for the
Southern Hemisphere. For example, daylight on July 20
of any yearr at 48

0
N is about IS hours and 30 mrrrUtes

for any longitucde. The data source was the U.S. Naval
Obrservatory (1945) and is accurate for the entre
twertieth century. Further deta rs may be Obtained from
Thre Dayligirter of the Navy Weather Research Facilay
(1 960) Additiornal igqht Iduirimg tw ilight) may be usable
for marny purposes Duration of daylight i high
latitudes (polevoard of about 600) becomes increasrngly
fefrerrderrt upon atmospheric cornditrons arod refraction,

arid there may be some rdeparture from the valures
iePincted on the charts.

DURATION OF DAYLIGHTI HoUW

. .sm ... . . . . . . . .. . ... .8

10itzi . . b. . . . ... . . .

. . . . . . . s

N~~~~ 0. .I .009123 . .53 0. .r .23,2012 .r .550r2~ .53

S Sw~h 5. Ai S~r N J~ *5 si ocriva SA
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Legered Cold BayPrecipitation/wind direction Map - Precipitation
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Legand Precipitation types Map - Snow Cold Bay
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January 2 Precipitation types
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Lead Cold Say

Air temperature/wind direction Map - Air temperature mean and thresholds
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Legend Cold Bay

Wet bulb/relative humidity Map -Mean dew point temperature 2,.
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Legen~d Cold Say

Air temperature/wind speed Map -Air temperature extremes (TC)
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Le Fog/time and fog/wind direction Map - Fog Cold Bay
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L~el - Cloud cover/wind direction Map -Cloud amount thresholds Cold Bay
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bLgend Cold SayVisibility/wind direction Map -Visibility thresholds
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Legend Wind speed/direction Map - Wind speed thresholds Cold Say
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Leid Wind direction/diurnal variation Map Vector mean wind Cold Bay
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Legend Wind speed/diurnal variation Map - Scalar mean wind Cold Bay
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Legend Low cloud ceiling/visibility Map - Low cloud ceiling and Cold Say
visibility thresholds
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Legend Cold Bay

Sea level pressure Map - Mean sea level pressure
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Legeid Marine Area A Marine Area B

Fog/air-sea temperature difference
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Log" Marine Area A Marine Area B

Sea surface temperature
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LaefdWave height/ direction Marine Area A Marine Area 8
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Wave height/period
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Legend Low pressure center movement
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Legend Persistence of visibility <2 n. mi.
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Legend Persistence of wind >1O kts.
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Lepnd Persistence of wind 20 kts.
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Legend Precipitation/wind direction Map - Precipitation Cod Bay
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Precipitation types Map - Snow Cold Bay
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Legend Cold Bay

Air temperature/wind direction Map Air temperature mean and thresholds
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Legend Cold Bay

Wet bulb/relative humidity Map - Mean dew point temperature
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Legandl Cold Bay

Air temperature/wind speed Map - Air temperature extremes (C)
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Leed Fog/time and fog/wind direction Map.- Fog Cold Bay
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Legend Cloud cover/wind direction Map -Cloud amount thresholds Cold Bay
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LamdCold BayVisibility/wind direction Map - Visibility thresholds
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Lagend Wind speed/direction Map - Wind speed thresholds Cold Bay
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Legenid Wind direction/diurnal variation Map - Vector mean wind Cold Bay
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Legend Wind speed/diurnal variation Map -Scalar mean wind Cold Bay
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Legend Low cloud ceiling/ visibility Map -Low cloud ceiling and Cold Bay
visibility thresholds
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Sea level pressure Map - Mean sea level pressure
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I.d Marine Area A Marine Are a

Fog/air-sea temperature difference
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Legend Persistence of visibility c2 n. mi.
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L.pnd Persistence of wind 2!10 kts.
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Legend Persistence of wind L120 kts.
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Legend Precipitation/ wind direction Map - Precipitation C Bay
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Precipitation types Map Snow Cold Bay
___-- __c .1 p,.-.-- b, pe0.ot00bY BLACK LINE P. .....1- -y a

-- ,The o.er I,.oveocy ebbs o ,,.pae o e~eng sow o ~en€m
Be,, how e,F.oer e ,c o

1  

be d.ts~e,ned by .l,ply,eg*.lpret evn~ lozrol~

. .obsete,,o,,,.o,tog Paec,,to,oe ot rep0r.ng pr,0, O.,OI00'oplI..,,h fto o .cpde(p o,eo ,,o,n

I:o- P10,--1p-h11 ...... i]

Kodiak Homer Kenai Anchorage

-.. s .1 .. I .. ._ .... •. II

Middleton Island Cordova Yakataga Yakutat

.I I I ii

Sitka Annette Marine Area A Marine Area B

March 2 Precipitation types
96



J-

90 nchorap

.7 ~ ~ ~ y &- tags

j

IL

Marine Area C Marine Area D Marine Area E Marne Area F

2 Snow March

1. 97



Logend Cold Bay

Air temperature/wind direction Map - Air temperature mean and thresholds :
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Lanud Cold Bay

Wet bulb/relative humidity Map -Mean dew point temperature4
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Legenid Cold Bay

Air tempera ture/wind speed Map -Air temperature extremes (*C) -
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Fog/time and fog/wind direction Map. Fog Cold Bay
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Legend Cloud cover/wind direction Map - Cloud amount thresholds Cold Bay
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Legifod Cold BayVisibility/wind direction Map - Visibility thresholds
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LadWind speed/direction Map -Wind speed thresholds Cold Say
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Lgn Wind direction/diurnal variation Map - Vector mean wind Cold Ba
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Legafd Wind speed/diurnal variation Map - Scalar mean wind Cold Bay
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LogWnd Low cloud ceiling/visibility Map - Low cloud ceiling and Cold Bay
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and Cold Bay

Sea level pressure Map - Mean sea level pressure
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LegndMarine Area A Marine Area 8

Fog/air-sea temperature difference
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Leend Marine Area A MJarrne Area B

Sea surface temperature

N-- i

60BCe oB 4 edot Cil~ ~~ S-d- ...........................
Br>I UI n - C I-

S-- nc'h Map - Sea surface temperature

-~ ~extremes (CC)
f-- YA*~apaga *

A+oc -,m We IN/
M16iddleto Island-

-,.
44

- / -- '

Marine Area C Marine Area D Marine Area E Morino Area F

15 Sea surface temperature extremes March
121

8 -C I I I II
• • i i i i •-



LeedWave height/ d irection Marine Area A Marine Area 6
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LegndMarine Area A Marne. Area 8
Wave height/period
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Legend Low pressure center movement
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Leewnd Persistence of visibility <2 n. mi.
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Legend Persistence of wind 1O kts.
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Leend Persistence of wind >20 kts.
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Precipitation/wind direction Map Precipitation Cold Bay
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Legend Precipitation types Map - Snow Cold Bay
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Legend Cold Bay
Air temperature/wind direction Map Air temperature mean and thresholds -
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Legend Cold Bay

Wet bulb/relative humidity Map -Mean dew. point temperature
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l~agandCold Say

Artemperature/wind speed Map.- Air temperature extremes (TC) *-f. 4'
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Fog/time and fog/wind direction Map - Fog Cold Bay
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Cloud cover/wind direction Map - Cloud amount thresholds Cold Bay
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Visibility/wind direction Map - Visibility thresholds ClS
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Legen Wind speed/direction Map - Wind speed thresholds Cold Say
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Lagond Wind direction/diurnal variation Map - Vector mean wind Cold Bay
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Legend Wind speed/diurnal variation Map - Scalar mean wind Cold Bay
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Legend Low cloud ceiling/visibility Map - Low cloud ceiling and Cold Bay
visibility thresholds 1
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LCold Bay

Sea level pressure Map - Mean sea level pressure
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LegndMarine Area A Marine Area 8

Fog/air-sea temperature difference
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LegndMarine Area A Marine Area 8

Sea surface temperature .
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LeudWave height/ d irection Marine Area A Marine Area B
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Legend Marine Area A Marine Area B
Wave height/period
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Legend Low pressure center movement
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Legend Persistence of visibility <2 n. mi.
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Leend Persistence of wind >1O kts.
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Legend Persistence of wind e20 kts.
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Legend Precipitation/wind direction Map - Precipitation Cold Bay
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Precipitation types Map - Snow Cold Bay
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Laguid Cold Say
Air temperature,'wind direction Map - Air temperature mean and thresholds
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Legend Cold Bay

Wet bulb/relative humidity Map - Mean dew point temperature -
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LegCd Col Bay

Air temperature/wind speed Map - Air temperature extremes (C)
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Leud Fog/time and fog/wind direction Map - Fog Cold Boy
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Lasen Cloud cover/wind direction Map • Cloud amount thresholds Cold Bay
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Visibility/wind direction Map - Visibility thresholds Cl a
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apdWind speed/direction Map - Wind speed thresholds Cold Bay
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Lepeid Wind direction/diurnal variation Map - Vector mean wind Cold Bay
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Le.end Wind speed/diurnal variation Map - Scalar mean wind Cold Bay
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LegiW Low cloud ceiling/visibility Map - Low cloud ceiling and Cold Bay
visibility thresholds 415151LB 11
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LagmidCold Bay
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Sea level pressure Map - Mean sea level pressure
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Le Marine Area A Marine Area B

Fog/air-sea temperature difference
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Legend Marine Area A Marine Area B

Sea surface temperature
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Wave height/direction Marine Area A Marine Area B
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Legen Marine Area A Marine Area 6

Wave height/period
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Legend Low pressure center movement
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Liplid Persistence of wind 'MO kts.
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Legand Persistence of wind Z20 kts.
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Precipitation/wind direction Map - Precipitation
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Legend Precipitation types Map - Snow Cold Bay
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Legend Cold Bay

Air temperature/wind direction Map - Air temperature mean and thresholds
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Lagand Cold ay"

Wet bulb/relative humidity Map - Mean dew point temperature
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Legenid Cold Bay
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Air temperature/wind speed Map - Air temperature extremes (TC) - 0.

P*~~o*~~ f'oooyosso-s~o oo,,o ~cF,ed BLACK LINE M- -2o 99': g ......02IOf*50,00550
.,l. i u 2.sOa'ou.C .o d *..d ,~ O 2*g.oo

'~~, ~ -5- StolB E LINE .050,, I 0 P S5....... 1'. . -~o~ . ,
-f -ssso -. os~ - -- 16..1W - 4W s.N 2-3YC -40,-&oosf I' ., IIo, Ih. .-.. 1-

A, .d wo.d oF 22 33 ift

* ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ h -d I. d-- h .-.o1c5s~to> h.-~p~o .092d05*510If d,0,-f- IOsh.

qoI~.,.s.,,h. -. 1ouo, .aoI o lha rCI16-Po-d -d' .-oI
Iog. o .'Io k-1,o 39o ph,.

Kodiak Homer Kenai Anchiorage

6957? 6153 _ 15225 _

Middleton Island Cordova Vakataga Yakutat

TEM C- 24 -29j33 3 E C E P 1 42E

28.29
20 29

1219

65 23 13' 1~_3

5185 423 . .5

Sitka Annette Marine Area A Marine Area 8

AND S200FED 'K7 %

.9559 *( 4 2 122 1j 34 TEI 02- 3 0

?6 .29 0 234

22 2

22.21C

1 3 4 C
2 ---

5280 6238 4 4 1

June 5 Air temperature/wind speed



II A
Anchorage

-- A enit ~c~ova

N~ ~ ~ Mideo n

) rs

/%

~I

Marine Area C Matine Area D Marine Area E Marine Area F

5 Air temperature extremes (OC) June
205



Legen Fog/time and fog/wind direction Map -Fog Cold Bay
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LegWd Cloud cover/wind direction Map - Cloud amount thresholds Cold Bay
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Visibility/wind direction Map - Visibility thresholds Cl a
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LeedWind speed/direction Map - Wind speed thresholdsCodB
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Legend Wind direction/diurnal variation Map - Vector mean wind Cold Bay
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Legend Wind speed/diurnal variation Map - Scalar mean wind Cold Bay
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Legend Low cloud ceiling/visibility Map - Low cloud ceiling and Cold Bay
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Lagmd cowd Bay

Sea level pressure Map - Mean sea level pressure4
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Lagemi Marine Area A Marine Area B

Fog/air.sea temperature difference
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Legend Marne Area A Marine Area 9

Sea surface temperature-
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Legend Marine Area A Marine Area B
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Legend Persistence of visibility <2 n. mi.
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Legend Persistence of wind N1O kts.
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Legend Persistence of wind .20 kts.
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Precipitation/wind direction Map - Precipitation cow Bay
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Lgn Precipitation types Map - Snow Col Ba
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Len Col Bay

Air temperature/wind direction Map - Air temperature mean and thresholds . i-t 4
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UdCold Bay
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Wet bulb/relative humidity Map - Mean dew point temperature
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a~g~ldCold Bay

Air temperature/wind speed Map - Air temperature extremes (*C) Ti
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Legend Fog/time and fog/wind direction Map.- Fog Cold Bay
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Legend Cloud cover/wind direction Map - Cloud amount thresholds Cold Say
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Leed Visibility/wind direction Map - Visibility thresholds Cl a
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Legend Wind speed/direction Map - Wind speed thresholds Cold Bay
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Legend Wind direction/diurnal variation Map - Vector mean wind Cold Bay
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Legeid Wind speed/diurnal variation Map - Scalar mean wind Cold Bay

.. . . ~ ~~~~~~~~BLAC LINE S-oI., .- ,^ .t -"" ". " " -" °

02..., 20. d 02~oc ,. 00 0h * 202 a *.al.0020 *t o102 2 0, 2
0
w.

o0 0. 12 18 GO. o0,2 2o.a.. o,.0 gN0,ho

8
z  

2V GMT i60 200 no' 20 k-,

Kodiak Homer Kenai Anchorage

r-. ...........

2 . .. . 22 - 22

Middleton Island Cordova Yakataga Yakutat

-.. .. . .. . .2' 22.. .

.. .. 2L , . .

Sifka Annette Marine Area A Marine Area B

- . --. ..

July 11 Wind speed/diurnal variation
250



110

Merine Area C Marine Area D Marine Area E Marine Area F

11 Scalar mean wind July
1~ 251



Legen Low cloud ceiling/visibility Map - Low cloud ceiling and Cold Bay
visibility thresholds V1
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Legend Cold Bay

Sea level pressure Map Mean sea level pressure 6=7.9
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Fog/air-sea temperature difference
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LeedWave height/ direction Marine Area A Marie, Area 8
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LegndMarine Area A Marine Area B
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Legend Persistence of wind >20 kts.
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Legn Precipitation/wind direction Map - Precipitation

Par-No~ Ireq,-yn o rlor- ... d obm-r=o,ns rom f- ch dr.o- BLACK LINE Par.c. fr.quency of ob-...oan r.poo p. re 1on 
0 0  

4960 4 C
%o ° L. d .o d -oli ti- era a-o. on, .. d by prec,-roon., .obd-.odd -.. o -.ud typ. 90
% S- 6d n Snow l z,-dann fr..oa ron -dd Ire1 1h. d.1.l. o.d non Of oil ih. eleiienni iecorded ri hbstoooa morn. ob..iria.on, piroarcon ,, on. 80

'.' .~p-. ... h. b- -n .... .... b- -00-w-......... - , .... -d~ .. .... 70...]lOi - Perceniooe ol r~eewatherob.morvtonrpoo~rg p~c n o f prfeenc moo rbcooto ,csn oriaO iodes ro oodt ,0r obiaro7 r,
orf nco-Numbnr Wo ob ..... .nn...bo

o . o34%. o N-ai n m b0 prmii , I +.

14% a i..ord 20% - -) % 50
-An ov.ao n h olomn for o gho.n drecimon (or co1i., ndlotis 40

thor .Q -e b-cnl~ ashsd .. 10 30 ob-.-,o .1 is~

.. aa d nd l 30airr

"0 - -- - -0 .p6lOc- b ar no p-,p'oon -. obs.road imh ,nd, 20

-r '~adro .' -* If~.. Noarrab .... df
' I .. ban 10 obI rI~ oQ " on . o i., n 6ihrbwirea,.

'0 r1orted fo o h- yI n diioorec, (ot cohn) -Wh

N NE E SE S Sb 0 Nil 0

Kodiak Homer Kenai Anchorage

100 100 100 1-I00------0
718& 237.6~2 15% 5434 18% 5208

90 .. 90 90.. 90
80 180 8* so 8

70. ................... ..... ...70 70 
7
Cr

oso ! 60 s0 60 r
%5050- % 50. %50'
40- ..... 40. 40 40

3030~ 30 30

20-lI- 20 20 l i ,20 i i .
lo jJJJ.... 101o JJJ.... .... J0I,

NNE ESE S SW W NW C N NE E SE 5 SW W NW C N NEESE SSWWNWC N NEE SE 5 SW W NW C

Middleton Island Cordova Yakatag Yakutat

]00 37-1 024 ,

94 60 go0 26 1 90 ...... 0 .'33.%

80 80 0 10
70 70 . '704 70.

60 60 1 604 60.

% S0 %50 %5 XS 1 50.
40 411 4 0 40
30 30 l 30 30
20 20 11 1 1 20 20-7

o0 10 .,. 10 . :
-- 0" 0"

N NE E SE 5 SWW N C N NE E 5E 5 Sw w Nw C N NE E SE 5 SW W NW C N NE ESE S SW WNWC _

Sika Annett Marine Area A Marine Area 8

-00 100 00 o00

90 90 . 90 3 . 90
80 s0 80- 0

7070 70-10

601 60 60- 60

50 /50, X 50- 50
40 . . ..0. . . ..40 40

30 /30 30~ 30
20 1 1 12 20 202010 , ll 0 A L 0 1.1..1 ,oL o-

N NEESSS Nw C N NE ESE SSwNWC NEESS SW NWN C NEESE SSWWNWC

August 1 Precipitation/wind direction

2Ui



20

~Anchorage

-~ do,& tag

20 
kW A

>20

/>1

Marine Ame C Marine Area D Marn Are E Marine Are F

100o 10 - 100-IU -- l.- -
1380 6' 2970 is" 6

90 90 90 0

80, 80 80 8

70 -70 70 0

60 -60 60~

%50 . '50 050 %5C
40 40 40- 4,

30 2 0 2 0 2. 3011 10 1 111
5NEE 55w HNw C N NE E E S W. W WC N N E S Wi Nw C NNE E S S ,NhC

I Precipitation August



L"NW Precipitation types Map - Snow cold say
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Legand Cold Bay

Air temperature/wind direction Map - Air temperature mean and thresholds j, 4' s:.
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LegendCold Bay

Air temperature/wind speed Map - Air temperature extremes (TC)
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Li. Fog/time and fog/wind direction Map - Fog Cold Say
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Leered Cloud cover/wind direction Map - Cloud amount thresholds Cold Bay
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Visibility/wind direction Map - Visibility thresholds cowd 0"~
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LeedWind speed/direction Map -Wind speed thresholds Cold Bay
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Lao" Wind direction/diurnal variation Map • Vector mean wind Cold Boy
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Legend Wind speed/diurnal variation Map - Scalar mean wind Cold Say
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Legend Low cloud ceiling/visibility Map -Low cloud ceiling and Cold Bay
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Coedend

Sea level pressure Map - Mean sea level pressure 100 79C S
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Fog/air-sea temperature difference
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Legend Low pressure center movement
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Legend Persistence of visibility c2 n. mi.
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Legend Persistence of wind 1110 kts.
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Legend Persistence of wind -20 kts.
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Precipitation types Map - Snow Cold Bay
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LgCold Beav
Air temperature/wind direction Map - Air temperature mean and thresholds
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Fog/time and fog/wind direction Map -Fog Cold Bay
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Legend Cloud cover/wind direction Map - Cloud amount thresholds Cold Bay
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Laad Visibility/wind direction Map - Visibility thresholds Cl a
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Legend Wind speed/direction Map -Wind speed thr'esholds Cold Bev
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Legend Wind direction/diurnal variation Map -Vector mean wind Cold Bay
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LagW Wind speed/diurnal variation Map - Scalar mean wind Cold Ofy
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Leverd Low cloud ceiling/visibility Map.- Low cloud ceiling and cold Bay
visibility thresholds VSIBILT
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Lagend Cold 8ev

Sea level pressure Map -Mean sea level pressure IO0 .......
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L"end Marine Area A Marine Area B

Fog/air-sea temperature difference
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Sea surface temperature
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Legend IMarine Area A Marine Area B

Wave height/period
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Legend Low pressure center movement
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Legend Persistence of visibility -c2 n. mi.
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Les-d Persistence of wind 10 kts.

200,r0 dohton of .ooooo - Days oo.rvol heowoen oeros

** tvl :, Cumuloto. p0.0.0
0  

oreqoooy of hours duroon .q4ol to a- Iess tho

-b.th , n.o er of ho, oo.r 't00d by th. wid c-r.

-" oi. "I h 1oC h . ,e.-b., of do." ooo do bth*. bA. 00,0.

o ' 0' Th maximum oalue(sofofhours doroton aod/or 3heoyon,ova

e hb.d,.-dioy.d. .. thd... ........I. d

1 SDoratono aodo.noalurvol| porh.flo.o nohth. ete.d ooh 1t- -m.
he bogn (o... .. d .. of .h. o.oh I olo.ody . I-rooo ) od o..

- termomo ed 0tth. actu0l ending t03'. r oo of wh. mooth tho.

INoob.. of o.-.1ot-on4

Top .od boo, .0aes o.I @Oobl. 0. ollo, fo n0.,0.o0 n h. d.eo

Kodiak Homer Kea

00ddl2ton Idard Cordova Yak~ Yakutt

Sitka Annwt Anchorap CoMd Bay

September 20 Persistence of wind _)10 ku.

330 0 30



Lealnd Persistence of wind !>20 kts.

ood-olono f -, D- -,I bewee. -1els

°~~~~~~ -1--.++,'.+ ....'; ,. cuua, c(.. he.- -( oi a.- d.,--+ .. lJ 1 .. ,a
000500005'005005555' - - 0" o50 o4 od o. h-rI 216 o

o s thl- tf h o s ,o b . d d- c o ssy tk, bo n

, - h .- -maOl ofu sJ ao ho -4o n .0 d - I-

Th.b o. - lo.lo oh.-ood.-,- -0d -h. do,,,o-.-Ill

b. d.,plsla d wh. h. graph I..,t .. .. ded

_hob.o ,, fh. o.t h.-o , oalhol o d -o o,.,.,o .,do
'% ..... .. oo---,do01h.oooIo~~.,g~~oo~h,,,hIo

, ob.

To ad boo Is . s o .. r.abl. o llo. 0, Io or hons nh. dora

Kodiak tOfmu Kenai

Go'7

00 . ] . 00'/ y

Middleton Island Cordova Yakataga Yakutat

Sitka Annetta Andhorage Col By

2 51 Pe0ec ofwn >2'.Setme

u ok ,neuc nchra oCol331

21 ersstn ,eofwin _ 20 kt .4Sptem'.

50 - 0 0



Precipitation/wind direction Map - Precipitation C Bay
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Precipitation types Map - Snow Cold Bay
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ILeen Cold Bay

Air temperature/ wind speed Map - Air temperature extremes (TC)
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IO Fog/time and fog/wind direction Map - Fog Cold Bav
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legend Cloud cover/wind direction Map - Cloud amount thresholds Cold Say
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Visibility/wind direction Map - Visibility thresholds
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LeedWind speed/direction Map - Wind speed thresholds Cold OaW
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agmd Wind direction/diurnal variation Map - Vector mean wind Cold Bay
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Legend Wind speed/diurnal variation Map - Scalar mean wind Cold Bay
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Lagati Low cloud ceiling/visibility Map - Low cloud ceiling and Cold Bay
visibility thresholds
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LCold Bay

Sea level pressure Map - Mean sea level pressure
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LegndMarine Area A Marine Area B

Fog/air-sea temperature difference
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Lelend Marine Area A Marine Area B

Sea surface temperature
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Legend Wave height/direction Marine Area A Maine Area B
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LegndMarine Area A Marine Area B

Wave height/period
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Leved Persistence of visibility <2 n. mi.
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Persistence of wind M1 kts.
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Legend Persistence of wind Z20 kts.
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Legend Precipitation/wind direction Map - Precipitation Cold Bay
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Lgn Precipitation types Map - Snow Cold Bay
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Legend Cold Say

Air temperature/wind direction Map - Air temperature mean and thresholds
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Wet bulb/relative humidity Map -Mean dew point temperature ?- B ., 1'
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Leo" Cold Bay

Air temperature/wind speed Map - Air temperature extremes (C) . ... '4 . ,
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Laeend Fog/time and fog/wind direction Map - Fog Cold Bay
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L"ud Cloud cover/wind direction Map - Cloud amount thresholds Col Bay
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eCold Bay
Visibility/wind direction Map - Visibility thresholds
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Wind speed/direction Map -Wind speed thresholds Cld Say,
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Legen Wind direction/diurnal variation Map - Vector mean wind Cold Bay
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Lelan Wind speed/diurnal variation Map - Scalar mean wind Cold Bayl
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Laad Low cloud ceiling/visibility Map - Low cloud ceiling and Cold Bev
visibility thresholds VSBLT
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Sea level pressure Map -Mean sea level pressure , .oo2
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Legand Persistence of wind M1 kts.
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Legend Persistence of wind 20 kts.
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Legd Precipitation/wind direction Map - Precipitation cow BW
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Air temperature/wind direction Map - Air temperature mean and thresholds -
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Level Cold Bay

Wet bulb/relative humidity Map - Mean dew point temperature
K." / ,j ......I-.h... --- .. ......... , ..... f,. .)..

b.I -:: : l ~ f040o ofhI ool B4C 0-Eh~~ o. o, r.oo 1, 16.b--C

iod w .06 buob -Nabe-41uo12 bolh o ,eu,,ed 41 -oputing oh. relono. hooodoy
b. -b.oo d b. -ob.roo t Ooh . P.I.,o1-1 f,...o thor, ol. fo

o toO -.o.......d .... o d by ,...

f loN~~v 0000 *00 0000 'o'ooobo of obseto. ns~oo.....

Kodiak Homer Kenai Anchorage

4.E0I BULB *C 1 WET BULB (*C WET BULB -C; WET BULB I C
10r 2 016 2-48 0 4 9 12 6 -30-26-22- 1-14-0- 6 -2 2 6 10 l 0o50-44-3B32-26-2014-8 -2 4 'C -4B-42-36-30-2-18-12-6 0 5 2

90 .. . o0 .. ... 90 90 . . .0 o . .

8 . .. 7 0 .4.so+B
60 ,00' 7'0 60-- 70 0 9 0

.0 ....... .. 0 ... ... . . .0.- 13 0

4010 '"-.o'. o. 40 '.40 -4- ' . ....

30, 0- / - 30- y 30'- 30~

20 20, 20 / -- 2 0 0 0

10 'b94 to L0 1 10~ 6607 - ~ -~ 0546 0-55
C 'io0 0 05 60 9092 0 0 1020 3C 405060-0 g00 10 203 04C 6o 60080 9000 0 1020 3040506C -90-1-0 0

REL T IVE HUMI0 TY RELITIVE HUMIDITY REL T IV' oUMIDITY RELATIVE HUMIDITY

Middleton IWand Cordova yakataga Yakutat
WET BULB " WE7 BULB !01 WE 0 ULB CI WET BULB I'CI

0 B 6 2 232-2024-20-6-12- B-4 0 8 D 26-22 8-14-0 6 -0 2 6 10 14 -34-3&-26-22-01-14-0-6 -2 2 6

8 0 0 80

/0 t0 70 7....... 00 70

6 / 60- 60 80 ,4. o ., o

19 Y-250 . . . . 50 % .-50.
40 , 4 0 ,0 . . .. .. . ........ ... .... ....

30 30 . 03
20 20 ill.- -20 .. i 0.0020 0 -
10 ........... . ... . o . ... 01.......... 1o0 0. . . .0 .

3472 6156 -•. .. .407- 6696
010 2n 30 4250 f07-090100 0 1020 JO4050 60 70 030100 010 20 30 4 050 60 70 090100 0 10 20 30 40 0 60 70 090100

RELATIVE 0UMIDT1 RELATIVE ,,0 2I1, REL 0 I VE HUMIDIT RELATIVE HUMIDITY

Sitka Anwma Marine Area A Marine Area B

WE' 8UL0 'C WE 
T  
BULB I"C' WET BULB 'CI wET BUL0 'C

406 02-16-1216-12-B -404 81216 1 10- -6-4-2 0 2 4 6 B 12 C BUL.. . . .. .,. -- . ,102 2 2- 40 4 B I 16 1 0 0I-8 -6 4i
- ?  

2 .4 - , ,- Z . . . .. - - T 1
9 0 . . .. / ' . .. 9 o, .... I " JV' ...... Ie 90 0 --- o I~llf 0' o 0 i? t: 9 2'' --... .. . ' ' . ..

.. . o.. .. . . . . 00 ,. . . . ...0 / o .0'..o. .. *. 0 8o .. . . .f 0 . ..0 9 70 .... . . . 0. .. . .

',. . .- . . . / "Cso ,i o ... ,so . . . . . /.. .. .2 . . . . ..

40. . . . -0'4 o. 0 000 4". i 6, C

3 2''''- ~ ~ %5 .o.: . / . : 2 * 0 0 '' . . . .

40*o.-, ~ '0 10 . . . . . . 0 o o ., 0 o I. o oA 0 0

0 2 . .. . . .69 '40

C 102 0 30412'060 '009C:72 00D 1020 30 40 50 60 70 80 90100 00 1020 0 40 50 60 70 0 90100 020 30 40 S0 60 70 8090100
P.QT V UMI0 j I RELPT I VE HUMIDIT T Y R IVE HUMIDITY RELATIVE HUMI0ITY

December 4 Wet bulb/relative humidity
4M6



/0/

X.Cnhorage -

S 9

S 5

'P-lt Isan

0

4 3

A 404



Legand Cold Say

Air temperature/wind speed Map -Air temperature extremes (TC) 1, C03 12
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LapW Fog/time and fog/wind direction Map - Fog Cold Bay
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Lagud Cloud cover/wind direction Map - Cloud amount thresholds Cold Bay
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L"WVisibility/wind direction Map - Visibility thresholdsCodS
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LefdWind speed/direction Map -Wind speed thresholds Cold Say
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Legend Wind direction/diurnal variation Map - Vector mean wind Cold Bay
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Leged Wind speed/diurnal variation Map - Scalar mean wind Cold Bay
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Lagmi Low cloud ceiling/visibility Map.- Low cloud ceiling and C'^Id Say
visibility thresholds
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LeedCold Bay
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Legnd Persistence of visibility <2 n. mi.
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Legend Persistence of wind a20 kts.
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Legend Area C

Annual maximum winds and waves for selected return periods-Marine areas Return period Maximum sustained Maximum significant Extreme wave-

Return periods for maximum sustained winds and for maximum significant and years wind-knots wave-meters (feet) meters (feet)

extreme wave heights are presented in tabular form for selected marine areas. 5 72 12.5 (42) 23.0 ( 75)

Sustained winds are winds averaged over a period of one minute, the significant 10 78 14.0 (47) 26.0 ( 85)

wave height is the average height of the highest one third of all waves (sea and 25 87 17.0(55) 30.0 ( 99)

swell) in view, and the extreme wave height is an empirical estimate of 1.8 times 50 94 19.0 (62) 34.0 (112)

the significant wave height. Estimates presented in the tables were based primarily 100 102 21.5 (70) 38.0 (125)

on methods described by Thom (see References). For example, on the average the

Marine Area A can expect annual maximum sustained wind speed to exceed 105

knots once in 100 years.

Area D

Return period Maximum sustained Maximum significant Extreme wave-
years wind-knots wave-meters (feet) meters (feet)

5 73 13.0 (42) 23.0) 75)
10 79 14.5 (47) 26.0) 85)

25 88 17.0 (55) 30.0) 99)
50 96 19.0 (62) 34.0(112)

100 104 21.5 (70) 38.0(125)

Are A Area E

Return period Maximum sustained Maximum significant Extreme wave- Return period Maximum sustained Maximum significant Extreme wave-

years wind-knots wave-meters (feet) meters (feet) years wind-knots wave-meters (feet) meters (feet)

5 74 13.0 (43) 23.5 ( 77) 5 72 12.5 (42) 23.0( 75)

10 80 14.5(48) 26.5) 87) 10 78 14.0 (47) 26.0 ( 85)

25 89 17.5 (57) 31.0(102) 25 87 17.0 (55) 30.5(100)

50 97 19.5 (64) 35.0(115) 50 94 19.0 (62) 34.0(112)

100 105 22.0 (72) 39.0(129) 100 102 21.5 (70) 38.0 (126)

Arm Area F

Return period Maximum sustained Maximum significant Extreme wave- Retura period Maximum sustained Maximum significant Extreme wave-

years wind-knots wave-meters (feet) meters (feet) years wind-knots wave-meters (feet) meters (feet)

5 75 13.5 (44) 24.0) 79) 5 6 12.0(40) 22.0) 72)

10 82 15.0 (50) 27.0) 89) 10 76 14.0 (46) 25.0) 82)

25 91 17.5 (58) 32.0(105) 25 84 16.0(53) 29.6 96)

50 99 20.0 (65) 36.0 (118) 50 91 18.5 (60) 33.0(108)

100 107 22.0 (73) 40.5 (132) 100 99 20.5 (67) 36.0 (121)

22 Annual maximum winds and waves for selected return periods-Marine areas
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Legend at

Annual maximum sustained winds for selected return periods

Values of annual maximum sustained wind speeds for selected return -... .WE.....IN...

periods in years are presented in graphic and tabular form for selected1
coastal stations. For example, on she average Anchorage can expect SE L i
annual maximum sustained wind speed to exceed 72 mph once in 100 S
years. Stated another way, the probability is 0.99 that the maximum 4 I

sustained wind will be equal to or less than 72 mph; the probabilityF
of exceeding 72 mph in any year is 0.01 (the return period is she
reciprocal of the latner probability). This is an estimate of the true
100-year return period value; the probability is 0.68 that the true W
100-year value lies in the interval bounded by 53 and 99 mph.

STATION ANCOECE, AIR0 527

RETURN PERIOD-YEARS

2 5 10 25 s0 100 200 1000

LOVER SOUND (MPH) 35 90 4) 74 45 49 *9 TO 51 0 52?17 51 50 38 00

Cs I IR~5sicu I I I I

WER4y17 5 n

RETRNPEIODYERSREURNPEIO-Y ARE R
2 ~ ~ ~ ~ ~ M- a=o 2 0 10 20 10 0 2 0 to ao 10

OPPIR~~T WUE (NoR To 5S3o35 05 3 7 4 S 04 7 O SUPRRRR(I) 0R s.9 55 R? I? 5 04 4R
*45 RIIO4E RPR 0' 0 5 50 5 4 SR ' 5 54 64 5 7454 R RIRIURIRTROTSbU~ ots ams s~ss 3 4 377 5965 S .l 6.2

tRESA SOR (RMl5I R0 34 39 7M R3 ?4 95 ~ UERRC11 SM 06 ~l 5 55 4 5.9 5.3OR SM

23 ~ ~ ~ ~ ~ ~ ~ ~~~~I Anua maiu1utie id o eetdrtr eid
a 11 1 1 1 B 4I 6



--

410aYota7 a AT am j: m ~ ox,3 2:a a a a

4453404 43mm.44 
4 434-7

RETURN pEIOD-YEARS REUR PERIO-YEAR
2 J S 102T0 10 20 10 0 2 0 10 20 10

- j ao 1 Ulilil I IM11 I 1I '4 01)

Et ST NO AR

-iaawaaal m m a am

RETURN PEROD-EAR RETURN PERIOD-YEARS

2 5~~ 10 25 5 0 20 10 2 1 10 25 so 100 200 1000

21 IN 10 25 I0 10 200 1000 2"s 55443 455 44 152 43, 14 1', 03, 19 443 IN4,7 43
LOWER SOUND 43904 36 SO 4 43 3 4 2 4 74 346 59 3 5: 04 3 32 2 3E ON PPP) 3 :3 3 1 : 2 . 4 496 06 99 o4

23 Anua maEu OutieRid orslce eun eid cn.



~~~1 SO *; a111C u

a i I I

33030 I75OETn ILIMftl( M) 19-2 E URN EI OD--4AR

RETURN PERIOD-YEARS
2 5 I0 25 s0 100 200 1000

2 5 10 25 50 100 200 1000
U77E3R OU I ( 92)14 551 2 2 55 15 72 49 35 IA IIo I4 141 42 121 40

2pp3 614U3 t1476 30 91 70 42 7 2 1 43 112.5 221l 41 214 5 275 21 13ND (113311t CR7W, 35 1, 47 8 54 22 13 47 73 35 4 Il I9 '5ll: 32 5
M II= RI2o39 I 73 1 7 41 3 4 92-44 17 11 II O LOSER SIOUND (973 317 5 44 55 49 00 54 D1 54 9. 5. 39 57 22 .2 75
LOI j 06333 343 3N) B'SONl 23 6 5 I 6-13 I949 4 19 5 913 43 .3

.... . . . . . .. .. .... .. . . . . .+ -- I ...... . . . .i ". ... .. ' a + " Ja '+]l--i" - "i- ""! i .....(155 I ++"

IV A

R U -, ,. l _ _ _ _ _ _ _ _ _ _ _, (t t 2+t; Ir 41+ - .... l ] i ti ..., l E ,

I ~ ~ ~ ~ ~ ~ ~ ~ ~ I ' I T71Ij11~IIII1 ITI... . 1 .... .... I I... I I
MLMIII 3) a-

RETUR PEO-YAR REUNAEID-E R

A R 3 0 2 3 3 7 3 I I I I I ' 7 • 9 5 l; 32 .2 ' 70 2 6 2 1 5 5 2 12 7 3 3 4 3 3 3 9 2 3 9 3 7 2 1 3 3 3 I A 1 4 2 2 F~ ~: ] l t ~ II 2 1 9 7 2 2 32!! I

0233 3 R (3 47 5 31 4 70 2A3 32 9 33 222 62 * 3
.... . ..3023,79) 4474 5394 5627 ...... 3131 '7154121 16333 3 33 (373) 4119 0123 117 - 55

23+,, Annual......maximum......sustained...... winds forselct r prios (

fETU RNN PERIO D -YEA RSl I 1944-43 ITATIo 
1 
YAKUTAT. ik 

RETU RN PERIO D -Y-ARS
2 5 l0 25 so 100 200 1000 2 5 10 25 50 10O 200 1O0

l~l1: l6'l liP ) 4 1 .1 .P1 : 1 ,5 1 1 1e 1 t 11* 1: 11 t 1 1S 10 1|N :.|NT Ifff I,,: E. 1; 41 1." .??
I
I Z 5 1 0 4 I

OVloUvto fe. ll0 ISBN 6 4 1. S 94 9t 27' 64 11 66 l| G? IS 64 66 411 13 LOSS& IOUNID (RON) 45 9 1 : 6 37 .i 33 G* 2S14 63 111 44 5? 36 36

23 Annual maximum sustained winds for selected return periods (cont.)

437



References NCC

Burns. B.M. 1914. The Climate of the Mackenzie Valley-deau.
fort Sea. Volume II. Canadian Meteorological Service,

Toronto. 239 p.
Gumbel, E.J. 1958. Statistics of Extremes. Columbia University

Press 371 p.

AEIDC ..... ------ and J. Lieblein. 1954. Some applications of ex-

treme value methods. American Statcrtician. 8(14) 4-7.

Guttman, V.B 1975. A Study of Fog and ., stus for Selected
Barnett, D.G. 1976. Weathering Alaska Siberian highs, Arctic Cold Regions. U.S. Naval Weather Service Command.

lows. Sealift. 26(5):13-16. 85 P.

Coachman. L.K., and Aagaard, K. 1966. On the water exchange F.Ngben, N., and Lumb. F.E. 1967. Ocean Wave Statistic. Her

through the Bering Strait. Limnology and Oceanography. Majesty's Stationery Office. London. England. 26, p.

11(1):44-59. Klein. W.H. 1957. Principal Tracks and Mean FreQiencies of

Comiskey, A.L. 1976. Vessel icing-know when to expect it. Cyclone and Anticyclones in the Northern Hemisphere.

Alaska Seas & Coasts. 4(5):6-7. U,S, Weather Bureau. Research Paper 40.60 p.
Danielsen, E.F., Burt, W.V., and Rattray, M. 1957. Intensity and Lieblein, J. 1974a. Efficient Methods of Extreme Valh' Metho-

frequency of severe storms in the Gulf of Alaska. dology. U.S. Dept. of Commerce, National Bueau of
American Geophysical Union. Transactions. 38(1):44-49. Standards. NBSIR 74-602. 24 p.

DeAngelis. RM. 1975. The hazards of icing. National Fisherman. - ---- . 1974b. Note on Simplified Estimarors for Type I

56(9):12A, 13A, 29A. Extreme Value Distribution, U.S. Dept. of Commerce.
S- 1974. Superstructure icing. Mariners Weather National Bureau of Standards. NBSIR 75-637.

Log. 1811):1-7. -------. 1954. A New Method of Analyzing Extreme
Henry, RF. 1975. Storm Surges. Canada. Dept. of Environment. Value Data National Advisory Committee for Aero-

Beaufort Sea Project. Technical Report 19. 41 p. nautics. Technical Note 3053.
Hume, J.D., and Schalk. M. 1967. Shoreline processes near Quayle, R.G. 1974. A climatic comparison of ocean weather

Barrow, Alaska: a comparison of the normal and the station and transient ship records. Mariners Weather

catastrophic. Arctic. 20(2):86-103. Log, 18(5):307-311.

Hunkins, K.L. 1965. Tide and storm surge observations in the og... and Fulbright, D.C. 1975. Extreme wind and wave

Chukchi Sea. Limnlogy and Oceanography. 10(l):29- return periods for the U.S. coast. Mariners Weather Log.
39. 19(2):67-70.

Ingraham, WJ., 6akun, A., and Favorite, F. 1976. Physical Robinson, M.K. 1976. Atlas of North Pacific Ocean Monthly
Oceanography of the Gulf of Alaska. U.S. National Mean Temperatures and Mean Salinities of the Surface

Marine Fisheries Service. Northwest Fisheries Canter. Layer. U.S. Nasal Oceanographic Office. Reference

Processed Report. 132 p. Publication 2. 190 p. PRECEDING PAGE NOT FILMED
Keatinge, W.R. 1969. Survival in Cold Water. Blackoll Si- Thorn, E.C. 1957. A new concept for cooling degree days, air BLANK

entilic Publications, Oxford, England. 131 p. conditioning. Heating and Ventilating. June.
Kilday, G.D. No date. "Case Study of a High-wind Occurrence in Thom, H.C. 1973a. Distributions of extreme winds over oceans.

the Anchorage Area." Unpublished. Alaskan Regional American Society of Civil Engineers. Waterways, Her-
Forecast Center, Anchorage. 9 p. born, and Coastal Engineering Division. Journal. 9901):

Mooney, M.J. 1976. Tidal wave. Alaska. 4216):25-27. 65. 1-17.

Potocsky, G.J. 1975. Alaskan Area 15- and 
3
&Day Ice Fore- --.----- . 1973b. Extreme wave height distributions over

casting Guide. U.S. Naval Oceanographic Office, Special oceans. American Society of Civil Enginer Waterways,

publication 263. 190 p. Harbors, and Coastal Engineering Division. Journl.

Rover. T.C. 1975. Seasonal variations of waters in the northern 99(3):355-374.

Gulf of Alaska. Deep-sea Research. 22:403-416. U.S. Air Force. Environmental Technical Applications Center.

Schulz, R No date. "Storm Tide Study for the Southwestern Various dates. N and A-F Standard Summaries for

Alaskan Coastal Area." Unpublished. U.S. National Selected Stations. Asheville, NC.

Weather Service. Paper prepared for the Alaskan Regional U.S. Dept. of Commerce, National Climatic Center. 1976.
Forecast Center, Anchorage. 4 p. "Marine Atlas Tables for Selected Land Stations and

Searby. H.W. 1969. Coastal Weather and Marine Data Summary Marine Areas Within Alaskan Coastal Zone." Unpublish-

for Gulf of Alaska, Cape Spencer Westward to Kodiak ed. Asheville, NC.
Island. U.S. Environmental Science Services Admin.- -- -----. 1974. "Quality Control Programs for Marine

istration. Technical Memorandum EDSTM8. 30 p. Data." Unpublished. Asheville, NC

U.S. Geological Survey. 1971, Earthquakes. 190 P .... . 1968. Tape Date Family-11 Reference Manual.

U.S. Nationral Weather Service. 1976. Effective Tempoerature Asheville. NC.

(Wind Chill Index). Technical Procedur s Bulletin 165. U.S. Naval Observatory. 1945. Tables of Sunrise, Sunset and
4 p. Twilight, Supplement to the American Ephemeris-1946.

U.S. Navy. Hydrographic Office. 1961. Clin atological and Washington. 195 p.

Oceanographic Atle. for Mariners, Volume II. North U.S. Navy. 1956. Marine Climatic Atlas of the World, Volume

Pacific Ocean. U.S. Weather Bureau, Office of Clima- II. North Pacific Ocean. NAVAIR 50-1C-529. 275 charts.

tology and Oceanographic Analysis Division. 158 charts. U.S. Navy. Fleet Weather Facility. 1976. Western Arctic See
U.S. Navy. Fleet Weather Facility. 1976. Western Arctic Sea Ice Analyses 1972-1975. Suitland, MD. 242 charts.

Ice Analysis 1972-1975. Suitland, Md. 242 charts. U.S. Navy. Weather Service Command. In press. Marine Cf-

Wilson, E.E. 1976. Hypothermia and cold water survival. matc Atlas of the World. Volume II (Revisd). North

Mariners Weather Log. 20M31136-13. Pacific Ocean. NAVAIR 60-IC-529. 388 p.

Wisa neo, W.J. et al. 1973. Alaskan Arctic Coastal Proceases and --- . - 1970-1976. Summary of Synoptic Meteorological

Morphology. Coastal Studies Institute, Louisiana State Observations, (Various volumes). Asheville, NC.

University, Baton Rouge. Technical Report 149. 171 p. -- - 1969. Marine Climatic Atlas of the World, Volume

U.S. National Weather Service. 1974. On the editor's desk- VIII. The World. NAVAIR 50-1C-54, 179 charts.

example of superstructure icing. Mariners Weather Log. . . . Various dates. Wrld'wlde Airfield Summaries,

18(3):170-171. (Various volumes). Aalevllle, N.C.

439


